This article analyses abundances of seven Poecilus and Pterostichus species sampled from 836 forest sites located in five geographical regions of the steppe zone of Ukraine. The abundances are analysed in relation to eight forest conditions. New information about associations of the following five species was found. Poecilus versicolor was most abundant in sparse forest sites and on moist sandy soil. Pterostichus melanarius reached its maximum abundance on sites with a thick litter layer, mesohygrophilous condition, clay soils and a sparse herbaceous layer. Pterostichus niger reached maximum abundance in forests with mesohygrophilous and hygrophilous conditions and on sandy loam soils. Abundance ofPterostichus oblongopunctatus was at the highest on sites with a closed tree canopy, a thin litter layer and loamy soils of average salinity. Pterostichus ovoideus was most abundant in forests with low to average litter depth, hygrophilous conditions and loamy soils of low to average salinity. For Poecilus sericeus and Poecilus cupreus the results of this study agreed with the published information.
V. V. Brygadyrenko, Department ofZoology and Ecology, Oles ' Honchar Dnipropetrovsk National University, pr. Gagarina, 72, Dnipropetrovsk, 49010, Ukraine; brigad@ua.fm fying limiting ecological factors can only be addressed through extensive and carefully planned Many species of ground-dwelling invertebrates are very sensitive to changes in environmental conditions, while others are less demanding. For every species in every ecosystem, there is a specific set of limiting factors (Thiele 1977) . However, because of the sheer variety of elements in a given ecosystem, it is exceedingly difficult to identify precisely which of the many factors is a probable, as opposed to merely a potential, limiting factor (Hutchinson 1957) . The task of identi-field research. This requires a very large number of sample plots, preferably in the order of magnitude of several hundreds (Brygadyrenko 2006) . This gives the best chance of finding sites which collectively represent the full range ofvalues for a studied ecological factor in a given climatic zone or geographical region.
The range of tolerance of certain ground beetle species for a particular ecological factor can vary considerably. Thus, simple, unambiguous assessments of a species' preferences (for example, moisture conditions) do not often provide an accurate description ofthe situation (Thiele 1977 , Kryzhanovskij 1983 . Rather, each ecological factor should be defined more precisely through application of a range of gradations and this should be incorporated into the research. This is inseparably linked with the number of studied sample sites and the species' frequency of occurrence (i.e.% of the sampled plots where a given species is found). Of course, it is easier to numerically assess the relationship of abundant ground beetle species to a certain ecological factor than the relationship of rare ones. This is why 7 common species were chosen for this study (Sharova et a1. 1998 , Brygadyrenko 2003 2014, 2015) . Accordingly, moisture is the fundamental limiting factor. A dense tree crown layer and a thick litter layer can act as considerable compensating factors for the lack ofmoisture in the surrounding environment. The influences of moisture, tree crown density and litter depth are modified by the herbaceous layer, soil texture and salinity (Brygadyrenko 2015a). All these factors may vary spatially and temporally and cause their influence on the ground-dwelling invertebrates, including ground beetles. In addition, the presence of ants shows a strong correlation with the composition of ground beetle populations (Hawes et a]. 2002, Reznikova & Dorosheva 2004) . The aim of this article is to find associations of the 8 above-mentioned ecological factors with the 7 ground beetle species of the Pterostichini tribe, which are dominant in forest ecosystems of the steppe zone of Ukraine.
Materials and methods
The material was collected from 836 sample plots ( Fig. 1 ), located in five geographical regions (Dnipropetrovsk, Zaporizhia, Mykolaiv, Donetsk and Kharkiv) of Ukraine's steppe zone between 2001 and 2014 (Brygadyrenko 2014 (Brygadyrenko , 2015a . These plots varied considerably in size, according to the extent of the forest or tree line plantation where they were located. In most Kharkiv Fig cases, usually in forests, the plot was about 10,000 m2, whereas in linear windbreak plantations the plot sizes varied from 1,000 to 15,000 m2. This paper is a part of a wider study which took into account the origin of the forests (whether they are natural forests, usually not primeval but at least three generations old, or plantations, the oldest of which dates from the 1890s), geomorphological factors (whether they are floodplain forests, ravine forests, or plateau forests), nature of the soil (chemozem, floodplain soils of different types, with different depths of humus horizon), phytocenotic characteristics (composition of the tree, shrub and herbaceous layers) and type of forest ecosystem. All the plots studied in this paper were classified using the following eight ecological factors: -Tree crown density in percentage (average of five random measurements for each collection plot: 1: S 20%, 2: 21-40%, 3: 41-60%, 4: 61-80%, 5: 2 81%) -Type of forest ecosystem (1: pine, 2: mixed, 3: broad-leaved forest) -Density of the herbaceous layer in percentage (average of five measurements for each collection plot: 1: S 20%, 2: 21-40%, 3: 41-60%, 4: 61-80%, 5: 2 81%) -Depth of the litter in millimeters (average of ten random measurements for each collection plot; analysis made using five 10 mm classes ofdepth: 1: S 10 mm, 2: 11-20 The number of study plots according to each ecological factor and its gradient in forest ecosystems is shown in Table 1 .
The ground beetles were collected using 10 pit-fall traps in each plot, made each made of 0.5 1 glass jar (with 20% NaCl solution). They were placed in a line at a distance of 2-10 m from one to another. Depending on the amount of precipitation, the traps were checked every 5 d. This article analyses the results from each collection site for a 20 (1 period close to the middle of June, the exact dates varying from year to year. This particular period was chosen because in steppe forests there is still a high number of species with a spring period of activity (Brygadyrenko 2015a, b), and at the same time, a sufficiently high number of species with a summer-autumn period of In order to find out relative similarity of the distributions of the ground beetle species in the forest ecosystems ofthe steppe zone of Ukraine, a cluster analysis with linkage distance was performed (single linkage, Euclidean distances, Statistica 8.0). For this analysis, the raw data of the abundances were normalized: (Xi-X)/SD, where Xi is the number ofindividuals for the separate ecosystems, X is the average number of individuals for all ecosystems, and SD is the standard deviation of the number of individuals for all forest ecosystems. Table 2 provides an overall comparison of the distribution of the different ground beetle species ofthe tribe Pterostichini in the studied plots in the forests of the steppe zone in Ukraine. Soil texture was associated with the abundance of 5 of the 7 studied species, moisture conditions were associated with the abundance of 4, soil salinity, tree crown density and depth of the litter were associated with the abundance of 3, and density of the herbaceous layer and type of forest ecosystem were correlated with the abundance of 1 species. The abundance of the analyzed species varied significantly in response to 0-6 out of the 8 analyzed ecological factors. Pterostichus melanarius was the species with most associations (6) with the studied ecological factors.
Results
The abundance of Poecilus cupreus was significantly higher in conditions of low tree crown density (up to 20%, Fig. 2a ). Its frequency of occurrence in the total number of plots was 2.6% and its average abundance in the total number of plots was 0.027 d: 0.228 individuals/10 trap-days.
Poecilus versicolor reached its maximum abundance on sites with 20-40% tree crown density ( Fig. 3a) , hygrophilous moisture conditions (Fig. 3e ) and on sandy soils (Fig. 3f ). Its frequency of occurrence was 7.6% and the average abundance was 0.081 d: 0.792 individuals/ 10 trap-days.
Poecilus sericeus showed no significant correlation in abundance with any ofthe studied ecological conditions. It was slightly more numerous than average in areas with low tree crown density (Fig. 4a) , with average numbers of ants (Fig. 4h) , and in xerophilous and mesophilous moisture conditions (Fig. 4e ). Its frequency of occurrence was 2.1%. Its average abundance was 0. Prerosrichus Niger" was significantly more abundant in mesohygmphilous and hygrophilous moisture conditions (Fig. 6e ) and on sandy loam soils (Fig. 6t ). its frequency of occurrence was 6.9% and its average abundance was 0. 0.455 individuals/ l 0 trap-days. .Pz'emsz'ichus Oblongopuncmrm varied signifiicantly in abundance in relation to 5 out of the 8 analysed ecological factors. its abundance was higher in conditions of 40ml 00% tree crown den- sity (Fig. 7a) ) loamy soils (Fig. 73 , average soil salinity (Fig. 7 g) and thin litter layer (102-20 mm.) Fig. 7d ). its frequency of occurrence was l9.5% and its average abundance was 0.29 i 1.33 individuals/ l0 trapndays.
In P. maidens, four out of the eight analyzed factors showed a significant association with the abundance of the species. it reached maximum in sites with low to average litter depth ( l 0-20 '9 Abundance 0f ants matiofis5 see Fig" 2 ( Fig. 80 ), on loamy soils (Fig. SD of iOW to average salinity (Fig. 8g ). its frequency of occurrence was 12.4% and its average abundance was 0.33 :l:
2.23 individuals/10 trapudays. According to the cluster analysis, the greatest similarity in distribution occured between P. cupreus and P. Niger (Fig. 9) . The ieast similarity with other species of ground beetles was obnserved among P. meianarius. P. ovoideus and. P.
oblongopmcmms.
V01. 27 a F074657 preferences afcambids in Ukraine (1996) writes that in the Czech and Slovak Republics P. cupreus is a "eurytopic species, very common in unshaded habitats: fields, steppe, water edges; lowlands to mountains". It accounted for 2.6% of the total number of ground beetles collected from Acer campestre, Carpinus betulus and meinus angustifolia forest in the Ranspurk National Nature Reserve (Southern Moravia) (Sejnohova 2006) . In the Bialowieza Primeval Forest (Northern Poland) the species is rare, just 0.1% of the total count of ground beetles (Sklodowski 2006) . In Italy P. cupreus was dominant (over 17% of the total count of ground beetles) in all restored habitats in an agricultural area of the Po Plain (Pilon et a]. 2013).
In Russia, in the Lower Volga Region, P. cupreus is seen "everywhere, often, in agrocoenoses, an abundant species" (Kaljuzhnaja et al. 2000). In the Republic of Adygheya, it is "abundant. A polytopic mesophile which inhabits a wide range of zonal communities, from bottomland areas near floodplain rivers to the subalpine zone. Is often found in agrocoenosis. Flies towards light. Is considered a pest" (Zamotajlov & Nikitsky 2010). Sigida (1993) states that in Ciscaucasia, the species is a polytopic mesophile, inhabiting steppe areas and pastures, ravine forests and floodplain forests, agricultural and urban landscapes. In Ukraine P. cupreus is an eurybiontic species, which reaches its greatest abundance within the steppe zone in fields and meadows (Brygadyrenko 2000 (Brygadyrenko , 2003 . It is considered a predator, which sometimes damages sprouted seeds of corn, peas, haricot, beet, garden radish, clover, lucerne, maple, hornbeam, ash, young sprouts of potatoes, fiuit pulp of strawberries, tomatoes, and fallen fiuit in gardens (Petrusenko & Petrusenko 1973) . In the southern part of its range, in Ukraine's steppe zone, the species occurs in all types of ecosystems: from shores of reservoirs, including salines (Brygadyrenko 2000) , to xeromesophilous and mesoxerophilous steppe sites and sparse, dry plantations (Brygadyrenko 2003) . Here its range of moisture preferences is very wide. The thickness of litter in different sites inhabited by P. cupreus also differs: from complete absence of litter on agricultural fields and areas of sand steppe, to thick shoreline drifts of decaying Phragmites australis (Cav.) Trin. ex Steud. Only a small proportion of the P. cupreus populations in the steppe zone of Ukraine inhabits forests; more individuals are recorded annually in fields and near water. Because of the species' well-developed flight capacity, one cannot consider the forest individuals of this species to belong to separate populations or subpopulations. Our data contained positive correlation of the species' abundance with sparse tree crown cover.
